Sapodilla is a tropical fruit that has a distinctive taste preferred by most of people. Determination of fruit maturity with nondestructive method for sapodilla has not been commercially practiced. The purpose of this study was to identify the aroma of sapodilla fruit at different levels of ripeness, as well as to assess the effect of calcium carbide (CaC 2 ) concentration on the ripening of the fruit. Sapodilla fruit samples were stored in 30 o C incubator under the following treatments: 0.1%CaC 2 , 0.2% CaC 2 , and control. Fruit aroma was measured by electronic nose using four sensors (TGS222, TGS 825, TGS826, and TGS2602), every day for 8 days during the ripening process. Data recorded were the voltage changes of electronic nose readings. The level of fruit hardness, and total soluble solids were also measured, and sensory test was carried out for comparison. The recorded data was further used as the basis for pattern recognition system on artificial neural networks (ANN). Results that had been trained by ANN were then tested to identify the level of ripeness for other sapodilla fruits. The aroma data was then analyzed using Principle Component Analysis (PCA). The goal was to classify the fruits based on the level of sapodilla ripeness. The results indicated that the ANN was able to recognize the fruit ripeness with a level of accuracy of 90.11%. PCA was also able to identify the ripeness of sapodilla fruit quite well.
INTRODUCTION
Indonesia is a country located in the equatorial region that has two seasons, dry and rainy seasons. Many tropical fruits in Indonesia grow the whole year including sapodilla (Achras zapota L). Sapodilla grows well from lowlands to highlands as high as 700 meters above sea level. This plant has a pretty good ability to adapt to tropical conditions (Prihatman, 2000) . The respiration on climacteric fruits increase rapidly during ripening process (Pantastico, 1986) . The fruits has a distinctive flavor and good for health (Astawan, 2010) . Sapodilla is categorized as climacteric fruit. However, the fruits are harvested at maturity condition but not yet ripen. Physiological changes occur in the process of maturity to ripe after harvest, and continue later to over ripe, and decay. Calcium carbide is commonly used in accelerating the fruit ripening such as applied to citrus bangkinang (Effendi, 2007) .
Determination of fruit maturity is needed to determine the exact time when the fruit should be harvested. The fruit size and shape, along with other properties are commonly used to determine maturity for harvest. According to Soesanto (2006) , one of the means used to determine maturity for harvest was using human sensory. Hardness test is commonly used to determine maturity for harvesting time based on texture or softness, as the smell for basic aroma released by the fruit. However, the determination by using sensory would be not practical for harvesting in bulk. Therefore, the use of the sensory tester should be combined as another tool.
Sapodilla that ripens is marked with the decrease of hardness, changes of aroma, and changes of color. However, changes of color in sapodilla fruits are not distinctly visible such as in the other fruits. While its aroma is unique and distinct, and is commonly used by the consumers to distinguish the ripeness level of sapodilla fruits. However, the human sense of smell is subjective, and has some drawbacks which are associated with their health, and mood when they smell the fruits.
Lately, a device called electrical nose has been developed and often used to detect the food aroma. The electronic nose mimics some or all biological olfactory system to detect gas. With the development of electronic olfactory system utilizing gas sensors, it is expected that the determination of the ripeness level can be more objective. The data detected by the gas sensors will be recognized by neural network system through the training process (Khalaf, 2008) In this study, the electronic nose was applied to record the aroma of sapodilla fruit during the ripening process in efforts to classify the fruits for further sorting process. The objectives of this study were to determine the ripeness level of sapodilla fruits based on their aroma using the electronic nose, to identify the effect of the calcium carbide (CaC 2 ) concentrations on the fruit ripening, and to assess the relationship of the aroma with the level of the fruit ripeness using Principle Component Analysis (PCA).
MATERIALS AND METHODS
Research was conducted in the Laboratory of Postharvest and Food Process Enginering, Department of Agricultural Engineering, Faculty of Agricultural Technology, Gadjah Mada University. Sapodilla was obtained from farmers at Gunung Kidul District, Province of Yogyakarta harvested as mature fruits but were not ripen. The average weight of the fruits was 70 g, diameter 5 cm, skin color of brownish green, and no damage. Two treatments of calcium carbide at 0.1%, and 0.2% concentrations, and control were carried out for ripening process. The fruits were placed under plastic film, and the calcium carbide gas was released and was trapped under the film ( Fig. 1 and 2 ). All the treated samples were kept inside the incubator Sanyo series MIR-162 at 30 o C. Electronic nose with four gas sensors (Fig. 3 ) was utilized to measure the aroma from sapodilla fruits every day in 8 days of ripening. The used gas sensors were the TGS822, TGS825, TGS826, and TGS2602. Each sensor had a different function, TGS822 had sensitivity to alcohol-containing gas, TGS826 to ammonia gas, TGS825 to hydrogen sulfide gas, and TGS2602 to changes of atmospheric composition. The device was coupled with a computer that had been installed with the EN-3 program connected with a data logger. The recorded data from the electric nose together with the objective and subjective measurements of the sapodilla fruit properties were analyzed using the PCA, and the ANN (Artificial Neural Network) analysis (Hanawati et al., 2002; Siang, 2005; Hermawan, 2006; and Puspitaningrum, 2006) .
The gas sensor was placed at the top of beaker glass functioning as sensing room. Erlenmeyer was used to collect clean air which was blown into beaker glass. Aroma in the sample glass was transferred into the sensing room. The sapodilla aroma was recorded every day for 2 samples from day 0 until the fruit ripened. Hardness, total soluble solids and color were also analyzed every day using six fruit samples.
Objective measurement for hardness was conducted by penetrometer at three locations for each fruit sample, while the total soluble solids was measured by the refractometer Atago using the same sample. Sensory test was carried out by five panelists for appearances, and specific flavor (sweetness, bitterness, and sour). The panelists were further requested to make the classifications (unripe, ripe, and overripe) based on their senses of the fruit ripeness level. The test was performed from day 0 until the conditions experienced overripe fruit (8 days).
RESULTS AND DISCUSSION
The results of the sensory test (Tables 1-3 ) were compared to the results of PCA analysis and ANN prediction. For control fruits with no calcium carbide (Table 1) , day 0 -2 was considered by panelists as the unripe ones with bitter taste, day 3-6 as the ripe ones with sweet tastes, and day 7-8 as the overripe with sour taste, and not delicious.
The ripening process under 0.1 % calcium carbide accelerated the ripening process in sapodilla fruits: 66.7 % fruits was ripen on day 2 had good taste compared to 80.0 % ripe on day 3 at control. On day 6, the observation of the appearances of the fruits obtained the same percentages between ripe and overripe, each 50 %, because the panelists had difficulty in discriminating between ripe and overripe. However, it delayed the overripe appearances which was 66.7 % in control fruits. The effect of ripening process under 0.2 % calcium carbide on the classifications of sapodilla was similar to 0.1 % calcium carbide (Table 3) with only higher in the percentages of good taste of the ripe fruits on day 2 which was 100 % than under 0.1 % calcium carbide which was 66.7 %.
The organoleptic test also revealed that judging the appearances from outside was not accurate determination to classify the fruits. The classification based on appearances did not always conform to the one based on the fruit taste.
For all treatments, the hardness level decreased from 5.0 kg/m 2 in the 0 day to 0 Fig. 4 -6 illustrated that PCA had been successful in classifying the sapodilla fruits into the unripe, ripe, and overripe categories based on the data recorded by the electric nose for all the treatments, respectively, control, calcium carbide 0.1 %, and 0.2 %. ANN results indicated different accuracy. The highest accuracy (96.27%) was obtained from the network architect 5-10-1 for fruit incubated under calcium carbide 0.1%. The lowest accuracy (72.22%) occurred in control. The electronic nose had difficulty to detect aroma in transition condition from one ripening stage to the other. This was due to the limited number of gas sensors. The addition of gas sensors might increase the accuracy of the electronic nose.
CONCLUSION
The use of electronic nose had been successful in detecting the aroma of sapodilla fruits. The best network architecture in aroma recognition was the 5-10-1 network with the accuracy reached 96.27 %. PCA results showed the best classification of sapodilla fruits into unripe, ripe, and overripe was happened in the ripening process with 0.2% calcium carbide. Statistic analysis indicated that calcium carbide concentrations significantly influenced the fruit changes in aroma, hardness, and total soluble solids. Fig. 1 . Ripening process of sapodilla added with calcium carbide under plastic film. 
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